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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel injection 
control device for an internal combustion engine using a 
fuel behavior model capable of appropriately grasping the 
fuel behavior corresponding to the performance changes 
in adhesion fuel. 

SOLUTION: This fuel injection control device for the 
internal combustion engine controls the fuel feed 
quantity using the fuel behavior model formed by 
modeling dynamic behavior of the fuel flowing from an 
injector to a combustion chamber 14 of a cylinder 10 of 
the internal combustion engine 1. This control device 
estimates the dynamic fuel behavior such as a wall face 
adhesion/ separation using the fuel behavior model by 
dividing it into, for example, the wall face adhesion (^\ 
quantity Fwv (k) of low-boiling-point components and 
the wall face adhesion quantity Fwp (k) of high-boiling- 
point components in respective times k and controls the 
injection fuel quantity Fi (k) so as to make the fuel 
quantity Fc (k) flowing into the cylinder to a target value. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Said control section is the fuel-injection control device of the internal combustion 
engine which performs the amount control of fuel supply by said fuel injection equipment using 
the fuel behavior model which combined the behavior model of two or more fuel components with 
which the boiling points differ in the fuel-injection control device of the internal combustion 
engine having the control section which controls the amount of fuel supply by the fuel injection 
equipment using the fuel behavior model which modeled the dynamic behavior of the fuel which 
flows into an internal combustion engine's cylinder from a fuel injection equipment. 
[Claim 2] detecting a predetermined physical-properties value — a fuel — the fuel which was 
further equipped with a means to detect description and said control section detected — the 
fuel-injection control unit of the internal combustion engine according to claim 1 which amends 
each percentage of two or more of said fuel components in said fuel behavior model according to 
description. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the fuel-injection control device of the 
internal combustion engine which controls the amount of fuel supply by the fuel injection 
equipment using the fuel behavior model which modeled the dynamic behavior of a fuel about an 
internal combustion engine's fuel-injection control device. 
[0002] 

[Description of the Prior Art] The control technique by the fuel behavior model which controls a 
fuel injection equipment in quest of the required amount of fuel supply is known by simulating 
fuel behavior by calculating the mathematical model which set up the mathematical model which 
describes the fuel behavior in an inhalation-of-air system as equipment which controls an 
internal combustion engine's amount of fuel supply according to a service condition, and was set 
up from a service condition or fuel conditions. 

[0003] There is a technique currently indicated by JP,2705298,B as an example of such a 
technique. This technique is calculated based on the fuel-spray model which expresses the 
quantity of state of the fuel spray for the fuel quantity of state within an inlet pipe, and the wall 
style model which gives adhesion fuel quantity according to the inlet-pipe wall surface section 
and the inlet-valve surface section, and it is indicated that the control precision of fuel oil 
consumption can be raised. 
[0004] 

[Problem(s) to be Solved by the Invention] in order to presume fuel behavior — a fuel — it is 
necessary to take description into consideration However, the gasoline widely used as a fuel for 
an internal combustion engine is mixture which consists of multicomponent from which a carbon 
number differs instead of a single component actually, and since the component ratio is not fixed, 
either, it is difficult [ it ] to grasp the behavior of the fuel to accuracy, therefore — for example, 
— an above-mentioned technique — a fuel — the technique of making represent description 
with some kinds of components of arbitration, and calculating a physical-properties value as the 
combination is taken. 

[0005] However, it cannot be considered that behavior with the same multicomponent mixture is 
shown by this technique, it cannot be approximated, and cannot grasp the behavior from which it 
differs for every component. If the pressure and temperature change in the inlet pipe which 
affects fuel behavior especially happen, the description of the adhesion fuel to a wall surface etc. 
will also change, but since this technique cannot respond to this change, fuel behavior will not be 
able to be grasped appropriately but the control precision of a supply fuel will fall. 
[0006] Then, this invention makes it a technical problem to offer an internal combustion engine's 
fuel-injection control unit using the fuel behavior model which can grasp fuel behavior 
appropriately corresponding to the formation of a sex status change of an adhesion fuel. 
[0007] 

[Means for Solving the Problem] It is characterized by for this control section to perform the 
amount control of fuel supply by the fuel injection equipment using the fuel behavior model which 
combined the behavior model of two or more fuel components with which the boiling points differ 
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in the fuel-injection control device of the internal combustion engine which, as for the fuel- 
injection control device of the internal combustion engine concerning this invention, has the 
control section which controls the amount of fuel supply by the fuel injection equipment using 
the fuel behavior model which modeled the dynamic behavior of the fuel which flows into an 
internal combustion engines cylinder from a fuel injection equipment, in order to solve the 
above-mentioned technical problem. 

[0008] According to this invention, it is possible to become possible to presume fuel behavior, 
especially the behavior of an adhesion fuel with a more sufficient precision, and to raise the 
control precision of a supply fuel by combining the behavior model of two or more fuel 
components with which the boiling points differ. The behavior model of this fuel component does 
not need to prepare only the number of classes of the component contained in a fuel, it is 
possible to presume accurate fuel behavior compared with the conventional behavior model also 
by the number smaller than it, and min is sufficient if two sorts of models are prepared. 
[0009] detecting a further predetermined physical-properties value — a fuel — the fuel which 
was equipped with a means to detect description and the control section detected — it is 
desirable to amend each percentage of two or more fuel components which can be set to a fuel 
behavior model according to description. 

[0010] thus, the description of the fuel which will be supplied if it carries out — since change is 
detected and the configuration of a fuel behavior model is changed according to it — the 
description of a fuel — it is possible to become possible to follow change and to presume fuel 
behavior with a more sufficient precision, and to raise the control precision of a supply fuel. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is 
explained to a detail with reference to an accompanying drawing. In order to make an 
understanding of explanation easy, in each drawing, the same possible reference number is 
attached to the same component, and the overlapping explanation is omitted. 
[0012] Drawin g 1 is the block diagram showing the operation gestalt of the fuel-oil-consumption 
control unit of the internal combustion engine concerning this invention with the internal 
combustion engine which applied this. 

[0013] The inlet pipe 2 and the exhaust pipe 3 are connected to the jump-spark-ignition-type 
gasoline Taki cylinder internal combustion engine (an internal combustion engine is only called 
hereafter) 1. While the intake temperature sensor 22 which detects the temperature of inhalation 
air to an inlet pipe 2, the air flow meter 23 which detects an inhalation air content, and the 
throttle valve 24 interlocked with actuation of an accelerator pedal 4 are arranged, the throttle 
opening sensor 25 which detects the opening of this throttle valve 24 is arranged. Moreover, the 
intake-pressure sensor 26 for detecting the pressure of an inlet pipe 2 is arranged at the surge 
tank 20 of an inlet pipe 2. furthermore — the inlet port 21 connected to each cylinder of an 
internal combustion engine 1 — electromagnetism — the actuation-type injector (fuel injection 
equipment) 27 is formed, and the gasoline which is a fuel is supplied to this injector 27 from a 
fuel tank 5. The internal combustion engine 1 of a graphic display is a multipoint injection system 
by which the injector 27 is independently arranged for every cylinder. 

[0014] In the cylinder 10 which constitutes each cylinder of an internal combustion engine 1, the 
piston 1 1 which reciprocates in the vertical direction of drawing is formed, and this piston 1 1 is 
connected with the crankshaft which is not illustrated through a connecting rod 12. The 
combustion chamber 14 divided by the cylinder 10 and the cylinder head 13 is formed above the 
piston 1 1. While an ignition plug 20 is arranged in the upper part of this combustion chamber 14, 
it connects with the inlet pipe 2 and the exhaust pipe 3 through the intake valve 16 and the 
exhaust air bulb 17 which can be opened and closed, respectively. 

[0015] And the air-fuel ratio sensor 31 which outputs the predetermined electrical signal 
according to the oxygen density in exhaust gas to an exhaust pipe 3 is arranged. 
[0016] The engine ECU 6 (the fuel-injection control unit of the internal combustion engine 
concerning this invention is included) which controls an internal combustion engine 1 is 
constituted centering on the microcomputer, and it controls actuation of an ignition plug 1 5 and 
an injector 27 while each output signal of each sensor (the 22 air flow meter intake temperature 
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sensor 23, the throttle opening sensor 25, the intake-pressure sensor 26, air-fuel ratio sensor 
31) mentioned above, a speed sensor 60, and the crank position sensor 61 is inputted. 
[0017] Before explaining the fuel behavior model used in the fueHnjection control device of the 
internal combustion engine concerning this invention, the fuel behavior model used from the 
former is explained with reference to drawing 2 . Drawing 2 is the mimetic diagram showing the 
simulation model of the fuel behavior in about (inlet port 21 neighborhood) 27 injector. The 
following explanation expresses by "k" the counter value which expresses time of day in 
consideration of the evaluation processing by the computer. 

[0018] In drawin g 2 , Fi (k) the fuel quantity (injector injection quantity) injected from an injector 
27 in time of day k Fw (k) In time of day k The wall surface of an inlet port 21, and the inlet port 
21 side front face of an intake valve 16 The fuel quantity (inflow fuel quantity in a cylinder) with 
which Fc (k) flows the fuel quantity (wall surface adhesion fuel quantity) adhering to (calling it 
hereafter the wall surface of an inlet port 21 etc.) into a cylinder (inside of the combustion 
chamber 14 in a cylinder 10) in time of day k is shown, respectively. The rate (wall surface 
deposit efficiency) of adhering to the wall surface of an inlet port 21 etc. here among the injector 
injection quantity Fi in time of day k (k) is set to R (k), and if the rate (wall surface residual 
percentage) which remains on the wall surface of an inlet port 21 etc., without evaporating 
among the wall surface adhesion fuel quantity Fw (k) in time of day k is set to P (k) t the following 
formulas (1) and (2) will be materialized. Generally these formulas are known as C.F. Aquino's 
formula. 
[Equation 1] 

Fw(k+l)«Fw(k)-P(k)+Fi(k)R(k) • • <l) 

Fc(k)-Fw(k)(l^P(k))+Fi(k)(l-R(k)) . . <2) 

On the other hand, the inflow fuel quantity Fcr in a target cylinder (k) which should be made to 
flow in a cylinder actually in time of day k when realizing combustion with the target air-fuel ratio 
(mixing ratio A/F) lambda is [Equation 2] when an inhalation-of-air flow rate is set to Q (k). 

Fcr(k)=Q(k)/\ ..<3) 

It can come out and express. (1) In order to make the aforementioned inflow fuel quantity Fc in a 
cylinder (k) in agreement with this inflow fuel quantity Fcr in a target cylinder (k) from - (3) type, 
it is [Equation 3] about the injection quantity Fi of an injector 27 (k). 
Fcr(k)^Fw(k)(l^P(k)) 

1-R(k) w 

It turns out that what is necessary is just to control to become. 

[0019] That is, in order to control the inflow fuel quantity Fi in a cylinder (k) and to control an 
air-fuel ratio proper, while computing to accuracy the wall surface adhesion fuel quantity Fw (k) 
computed by (1) type, it is necessary to set each parameter P (k) and R (k) as a suitable value. 
[0020] It was difficult to control the inflow fuel quantity Fi in a cylinder (k) especially by the 
control approach using the conventional (4) types proper at the time of a slowdown and 
acceleration. In order to solve this trouble, two or more wall surface adhesion behavior models 
described for every component are used for the fuel behavior model used in this invention. 
Hereafter, with reference to drawin g 3 and drawing 4 , the fuel behavior model in this invention is 
explained. Drawin g 3 is the mimetic diagram showing the simulation model of the fuel behavior in 
the inlet port 21 neighborhood, and drawin g 4 is a graph explaining sex status change-ization of 
the coating weight to pressure-of-induction-pipe force change. Although 2 component model 
which divided the wall surface adhesion behavior model into the high-boiling point component 
and the low-boiling point component is explained here, the same is said of the case of the model 
divided into three or more components from which the boiling point (vapor pressure) differs. 
[0021] The gasoline which is the fuel generally used with an internal combustion engine as 
mentioned above is mixture which consists of multicomponent from which the boiling point 
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differs actually. Supposing it bisects these for the low low-boiling point component of the boiling 
point, and the high high-boiling point component of the boiling point the coating weight Fwv and 
Fwp adhering to the wall surface of each inlet port 21 of them etc. will change, as shown in 
drawing 4 to the pressure-of-induction-pipe force. 

[0022] Since the maximum vapor tension pO of a low-boiling point component is comparatively 
high, when the pressure-of-induction-pipe force is less than this, the whole quantity evaporates 
mostly and wall surface adhesion does not generate it (set to Fwv=0). On the other hand, since 
the maximum vapor tension is low in the case of a high-boiling point component, by the 
pressure-of-induction-pipe force of operation within the limits, wall surface adhesion will always 
occur. 

[0023] In the fuel behavior model shown in drawin g 3 f it separates into two, the wall surface 
adhesion fuel quantity Fwv of a low-boiling point component (k), and the wall surface adhesion 
fuel quantity Fwp of a high-boiling point component (k), and the wall surface adhesion fuel 
quantity in time of day k is described. It is the wall surface deposit efficiency (actually) of a low- 
boiling point component also about the rate (wall surface deposit efficiency) of adhering to the 
wall surface of an inlet port 21 etc. here among the injector injection quantity Fi in time of day k 
(k). a product with rate R'v (k) which adheres to the wall surface of Kv(s) (k) and the injected 
low-boiling point components of the low-boiling point component in an injection fuel etc. 
comparatively — it is — the wall surface deposit efficiency (actually) of Rv (k) and a high-boiling 
point component It is referred to as Rp (k). a product with rate R'p (k) which adheres to the wall 
surface of Kp(s) (k) and the injected high-boiling point components of the high-boiling point 
component in an injection fuel etc. comparatively — it is — The rate (wall surface residual 
percentage of a low-boiling point component) which remains on the wall surface of an inlet port 
21 etc., without evaporating among the wall surface adhesion fuel quantity Fwv of the low-boiling 
point component in time of day k (k) Pv (k), If the rate (wall surface residual percentage of a 
high-boiling point component) which remains on the wall surface of an inlet port 21 etc., without 
evaporating among the wall surface adhesion fuel quantity Fwp of the high-boiling point 
component in time of day k (k) is set to Pp (k), (1) and (2) types will be rewritten like the 
following formula (5) - (7) types. 
[Equation 4] 

Fwv(k+l)-Fwv(k)Pv(k)+Fi(k)Rv(k) ■ - <5) 

Fwp(k+ l)«Fwp(k)Pp(k)+Fi(k)Rp(k) . • <6) 

Fc(k)-Fwv(10-(l-^ . . <?) 

Here, R'v(k) <R'p(k) <1 and Kv(k)+Kp(k) =1 are materialized, consequently Rv(k)+Rp(k) <1 is 
materialized. 

[0024] (3) In order to make the aforementioned inflow fuel quantity Fc in a cylinder (k) in 
agreement with the inflow fuel quantity Fcr in a target cylinder (k) from a formula and (5) - (7) 
type, it is [Equation 5] about the injection quantity Fi of an injector 27 (k). 
WOO ^W-^wp^q-Pp^HFwvCk) -(l-IMk))) Jttk 
1-Rv(k)-Rp(k) " w 

What is necessary is just to control to become. 

[0025] The above control is carried out with an engine ECU 6. Specifically, an engine ECU 6 
determines a setting-out air-fuel ratio in each time of day k based on engine service conditions 
(the vehicle speed obtained from the speed sensor 60, engine speed obtained from the crank 
position sensor 61). And the desired value Fcr of the inflow fuel quantity in a cylinder (k) is set 
up by computing an inhalation air content from the output of the 22 air flow meter intake 
temperature sensor 23, the intake-pressure sensor 26, and the throttle opening sensor 25. And 
motion control of an injector 27 is performed so that the calculated fuel quantity may be 
injected, after setting up each parameter in above-mentioned (5) - (7) type from the engine 
service condition etc., calculating the wall surface adhesion fuel quantity Fwv of each component 
(k), and Fwp (k) and calculating the fuel quantity Fi (k) which should be injected from an injector 
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27 based on (8) types. Each parameter is held in the engine ECU 6 as a map based on an engine 
service condition, and it is still more desirable to perform parameter study which corrects each 
parameter based on the output signal of the air-fuel ratio sensor 31, when the deflection of a 
control result and desired value is large. 

[0026] Drawing 5 is drawing which compares and explains the result of the amount control of fuel 
supply at the time of using the fuel behavior model (it being hereafter called a primary model) 
shown in the fuel behavior model (it is hereafter called a secondary model) shown in dra wing 3 
concerning this invention, and conventional drawing 2 . Here, the time of load reduction to which 
a controllability falls most in the conventional fuel behavior model (at for example, the time of a 
slowdown) is explained to an example. 

[0027] If an accelerator pedal 4 is returned from time of day tO as shown in drawin g 5 (a), and a 
load factor is reduced, since an accelerator pedal 4 will be interlocked with and a throttle valve 
24 will be closed, the pressure-of-induction-pipe force (absolute pressure) declines. 
[0028] A low-boiling point component is more quickly desorbed from a wall surface among the 
fuel components adhering to a wall surface because the pressure-of-induction-pipe force 
declines. That is, the residual percentage (mainly Pp (k)) to a wall surface falls temporarily. In a 
primary model, to drawin g 2 (b), as a broken line B shows, this phenomenon cannot be simulated, 
but it is predicted that residual percentage increases with load lowering. On the other hand, as a 
continuous line A shows a secondary model, this phenomenon can be simulated with a sufficient 
precision. 

[0029] Consequently, the demand injection quantity to the injector 27 called for with both models 
comes to be shown in drawin g 5 (c). That is, in a secondary model, in order that only the part of 
desorption of the adhesion fuel from the wall surface of the time of load lowering may reduce the 
demand injection quantity, the demand injection quantity will decrease greatly temporarily, as 
shown by the continuous line A. On the other hand, in a primary model, since the desorption 
phenomenon of a low-boiling point component is not simulated, the phenomenon of the demand 
injection quantity becomes about the same loose thing as a load effect. 
[0030] The fuel quantity which flows into a cylinder as a result by both control comes to be 
shown in drawing 5 (d). That is, in the conventional primary model, since desorption of the 
adhesion fuel from the wall surface of the time of load lowering cannot be simulated to accuracy, 
as shown by the broken line B, the increment phenomenon of the temporary amount of supply 
under the effect of this desorption is seen immediately after initiation of load lowering. This 
increment in the amount of supply will shift an air-fuel ratio to a rich side, and lowering of the 
driveability by the slowdown as degradation of emission and an intention of an operator not being 
performed is brought about. 

[0031] On the other hand, in a secondary model, since desorption of the adhesion fuel from the 
wall surface of the time of load lowering can be simulated with a sufficient precision, according to 
load factor reduction, the amount of fuel supply into a cylinder can be reduced, and an air-fuel 
ratio can be maintained almost uniformly. Therefore, emission improves compared with the 
former, the slowdown as an intention of an operator is performed and driveability also improves. 
[0032] fuels, such as that specific gravity since the ratio (it corresponds to each rate Kp (k) and 
Kv (k) when using the fuel behavior model of two components, as mentioned above) of each fuel 
component changes with the descriptions of the fuel supplied, and vapor pressure, — it is 
desirable by measuring description to calculate a fuel behavior model in quest of this ratio. 
Moreover, you may make it input the description of the fuel refueled at the time of oiling etc. 
[0033] moreover, a fuel — description — as well as other parameters, such as deposit efficiency 
and residual percentage, if it does not carry out direct detection of the very thing, the 
percentage may be corrected by study by feeding back a control result, in this case, a fuel — 
the detection means of description is unnecessary and this invention can be realized with a 
easier configuration. 

[0034] The fuel behavior model which can be used by this invention is not restricted to the 
model mentioned above not necessarily. For example, you may be the model which could carry 
out the fragmentation rate of dividing the adhesion location of a fuel into a valve front face and 
the wall surface front face of an inlet port etc. further, and took the adhesion in a cylinder into 
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consideration. Even when these models are used, the behavior can be taken into consideration 

for every fuel component, and it is included by the technical range of this invention. 

[0035] 

[Effect of the Invention] As explained above, the amount of the fuel contributed to combustion 
since fuel behavior can be grasped with a sufficient precision by grasping the dynamic behavior 
for every component of the about the fuel which flows in an internal combustion engine's 
and is contributed to combustion according to this invention can be presumed with a sufficient 
precision, the controllability of the fuel quantity injected from a fuel injection equipment can 
improve, and an internal combustion engine's Air Fuel Ratio Control nature can be raised. 



[Translation done.] 
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[ Drawin g 2] 
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FcOO 
[Drawing 3] 




FcOO 
[ Drawin g 5] 
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[0005] La»ut#£». crf&^iai^jRaa&sja* 



tezn$zMzttmt& zttfx* awt*, mmm* 
mmzim-t& z t tfx-z-r. mmmommmm s i& 

TLXL&o. 

[0006] ZZX*ftm±. #*MWH<Ott*»Hfc(=« 

mvximmiimw^temti, z t fmfficmwn 
ztzmmt-tz. 

[0007] 

ftmmm<ojmmmwmm±. nm 
ws^^MtLtzmmsi^j^mm Lxmmmm 
<mmvm®mmw.i,z$>^x . z<mmmm&<7>m% 
^frzmm Lxtim<mi£mz <t 

[0008] J:*ur. »jft?)!i&ittft<3flm 

J: < £ t iM^t 

£ ntfcm&ftnm®*7M±jmi l z-&&tL&ftL-ft<D 

[ o o o 9 ] § uziKfewmm.zmii'th z t xm\ 

izmtxmwmto^TMztev&mLntim&ftntti 
-e tKvmj&it&miE-? h ztwnt lv >. 

[ 0 0 1 0 ] dc7>± o (C-WUT. BiffltfOtttt 
[00 11] 

[ o o 1 2 1 0 ui. *%«(cff &i^M^oam«» 

[0013] *fo&*;£<D#7 y y^fifrt«aSM (J21 

t. sHzMamtwrh) uz\imm2tmsm3 
ttmm^tix^. mm2iztem£m<nmtzik 
ab-r-g»©^a-t^-9-2 2fc. i&AZEsm&mtti-t&^T 
yn-*—?23t. Tf^v^yi^Anmmzmtrt 

hXn-y h)V#2 4imm.1*iXhth:i*t l ZZcr>Xu>y V 
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;u#2 4CDfflmzm#,-?z>xn-y b>imm*>y-2 5** 

t4. Wi$K t g2<r>J±jj£&iiii-2>tztbc?>Mfft±-t>y-2 6 
3*14 «WWf- h 2 1 icfiffifflBSlsftO'f y S>x 7 * 

?^27 tc»i«s* 5 a> &«ra-ea u 
[0014] i <o*»«*fli *r * ssvyri 

hfl. ZWXhyl Ki3yo 7 Kl 2J>^-L , TI1^ 
<o±:£r£«4. y'jy/ioty'J y ^ - 7 h* i 3 fc lz x 
36 1 4 ^Jb*(cttjfcter9 ^20 a*IEg§;fc.4 fc fc t 

x * ti mm** 2 1 mtm 3 izmwt s tix v ^ . 

[ 0 0 1 5 ] l"C. iMf3di, PSWfx*tf)I8* 
SISfcJfc tfcBfJg*TOW3* * a#rr S S^Jt-fe y-9- 3 
irt*@eg§*iT^4„ 

[0016] i*HS»U i fcHMft-ftxy SS^E c U 6 

(4. v>f ^anytx-^Srtf't^^isixTJiiO. ± 
3*Lfc4H=>~9- (®mia-t:>"9-2 2, X77n-^-? 
23. Xn>yh;PfflJS-fe>"^2 5. PRSvE-tey-^2 6 . 
^Mtt-feyHf 3 1 ) ^WM-byy-6 0. ^7y?--Kyy 

Fw(k+D-Fw(k)P(k)+Pi(k)R(k) 
Fc(k)- Fw(k)(l-P(k)KFi(k)(l-R(k)) 



a^yf6 1 tfO#tli*flWA^$ixl» fc fc i>K. £ 
^7*7^1 5. 4yis*9?21<mfe*W&?i>\><n 

xfoh. 

[0017] *%mzi&mmmmcommtffimm® 
i,zte^x&mztim¥Ami)*7>vt:®pfl-tzmz. «e 

ULTBKH-r*. 02 »i. 4 y>-'x?? 2 7i£fi? (fift 
Sr r k j X&t. 

[0 0 18] H2fciJ>,vC. F i (k) J4. B^Jkfcis 

^X4yi?*7?27frt>mi2ti&t!m& (4y ; J*. 
??mmm.) fw (k> <4. tmtttzis^xwsw 
-h2i ^mm^^ivy i 6 cosgm^-- h 2 uaisi 

ffi (fiTF. f»W*-h 2 ltfOMB^ii?^) fcff*l/t 
v****HI (Sffi#«FTOS) Sr. Fc (k) J4. Bftfl 
kfcfcwc&fgil*! (y'J^l O|*KO08MI£14|*|) a. 
kSAtSWl (MtflSKAflSm*) **;h.*ftjftLT 
\^4. »S3HIkfc:*j»t*-f y^'x^RtStftF i 

( k ) <7>o *>. ©M*- h 2 1 *>BBf>PfcfMrr4«£ 
(&Wtf*$s> ^R(k)tU H^jkfcfcwCSMtt 
IffliFw ( k ) c7> 0 SWfreriaRJRtf?- h 2 1 

<nmm&a&i-&wfe (mw%%m *p <io t-r 

4 fc , WTOjSi ( 1 ) . ( 2 ) 5 . ZtLt><7)iH 

14. C. F. T*y^fcLT-&fcfcl£>;h.:C^4. 

[»1] 



■<1) 

<2) 



mm^mjm&F c r ( k ) « s f»i&s£Q ( k > 

k-ri»k. 
[|»2] 



Fcr(k)=Q(k)/X 



•<3) 



"c«** . ( 1 > ~ ( 3 ) *i one^WiaAam* 
fc (k> zznmmffiftfaAtm&F c r (k) 

SC$-fr*fcft(CJ4, -f>-^^^2 7c7)i«ttl:F i 
(k) £ 
[3R3] 

Fi(k)^ cr(k >- Fw q c >( i - p ^) ..< 4 ) 

1-R(k) w 

[0019] -t%*>n>. mi*iffixtima.F i ( k ) *m 

WVX. 2«ltSr3B3Efc«!«^*/£»KI4, ( 1 ) 
J:->T*ajS*i4«lifmMBl»«Fw (k) ftjE»t=» 



iti-fZkki>lz. &n=7*—?P (k).R(k) £jS 

[0020] ^cr, ( 4 ) ^Srfflv%7t«rjfflW&"C«. W 
fc. «3S. MB§tc*3^TMrtSiEA«m*F i (k) Jr 

J4. &ttzk iz%mz tLtzmncommn^m^^i: 
m»&. mr. H3. H4&#aau"c*«w(c*j»t&« 

fiajfc» J E7'^8:KWr 4 . 0 3 {4 . «8<W- b 2 ltfifi 

0TfcO. 04(4. ^«ff*3Wfc«C*«-*frtttWtt 
«^k£iiBJ-t4^7 7-C'S>4. ^^f(4. ffiBf4«¥ 

[0021 ] t»»tfc A o tert«MWWTMRfcffl\.^*i 
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[0023] miteTKiitihwmm^Mzii^x 
ftfisiFwv (k) fmm^i^mm^mmmm. 

Fwp (k) cr>2-Ot,Z#MLX§mt&. ZZX\ B$M 
kdtJtt^-f >zS*??mME.F i (k)<93*>. 
*r-h2 l«MM^^-W-#-r§S>J-g- fco 

Fwv(k+l)-Fwv(k)Pv(k)+fi(k)-Rv(k) 
Fwp(k+l)=Fwp(k)PpOc)+Fi(k>Rp(k) 
Fc(k)~Fwv(k)(l-Pv(k>>Fwp(fc)-(l-Pp( 



coo-hco&mmizttm-tzmarR'v < k ) fccom-cfc 
«> *rv (k) . T$®j$jm<?>mffitt%& (mmz 
mmmm4>cr)^mjM.^cowi^Kp (k) tmsa* 
titmsm&f&ft?) o •hvmwtzttm-t&misR • P • 

(k) kco»T'£>£) StRp (k) iU B#2<Jk£fcft 
§»M^II#W4iFwv (k) <nr>h. % 

flutr £»$w*- h 2 1 (rmmmizm-fh «g am 
jimttnmmwm) srPv u) , ^ktctjttss 

•f fc««Wf- h 2 i emewzmstiVfe 
ftcomwmmm £pp (k) , ti-&t. <ik 

( 2 ) 3«tt, OT<7)5t ( 5 ) ~ ( 7 ) s^J: o 
[»4] 



•<5) 
•<6) 

Fi(k)(l-RvCk)-Bp(k)) ..<7) 



■ICl-e. R'v (k) <R' P (k) <1. Kv (k) + K 
P (k) = l#jft;£U -TOSS*. Rv (k) +Rp 
(k) < 1 . 

[00 24] (3) &t (5) ~ (7) &X*)m&M 

r^ m Fcr(k)~{Fwt)(k)(l-Pp(k)>.PWCk)(T-Pv(fc)]) 

1-Rv(k)-Rp<k) " w 



rtSEAjamiF c ( k ) sr s«n n&uimAF c r 

(k) t=— RStfSfcftfctt'. >f ^^x^^2 7C0Pt*f 
iFi (k) * 
[fK5] 



b%&£oizfflffl-ttiJ&£^. 

[0025] SLknmmiPcy&yE cu6cj:ot^ 
fct>^T, uresis^ {m&*yy-6 ofrt>nt>tit: 

©m?fl-fe^22. l770->-?2 3, ©SlE 
■£>-?2 6. ^7 h/UM«-fe^2 5^tfi**^«RA 

&ztx\ ffinmjm&n&mmF c 

r (k) *UC, msmSk*kf&?il>$>±j& 

<7) ( 5 ) — ( 7 ) ^fctt&#^5*-*£-f&SgLT# 
«*«SI#»lFwv (k) „ Fwp (k) 
46. (8) ^*-^V^T'f>'^x^^2 7*^«lt-r^ 

* jm*«f i ( k ) o tT. xtbtzmmmm 
u—m. mmmm&mzm^t:^ yy-t uxy 

■9-3 l<0ffi*fi-9-*»t=L-C««IS*k BSffit^MH 

[0026] msittftwiztfk&msizvkztizmwm 

Kj^ryMOT. 2^T)Vtn^) fcts£*coH2^ 



V ^^W«m«»&*«!lfflI<0*i*SrJt«! LTBKW-4H 

[0 0 27] 05 (a) tc5*S*l*J3(C"*JMt 0 *»<9 
^•fe;^^4{cji»»LTXo-/ h;U#2 4**Htfeix' 

[0028] fwtfffiajwrr*-* £ t t\ «bs(cw * 

wm-h. -tzh-h. mm^m^m (±fc upp 
(k> ) tf-vmizi&T-th. i& : £T)i>x'izm2 

(b) fc5S?iHlB-C^J:e^£cO^Srmig-rS£fc^ 

2^T f ;Wcfev>T(±I^AT'^-rJ:dtcc: 

[0029] icofe*. W^T-VHCk O^^ixS-f > 
^xi?^2 7^cDS^Bi*f»{i. 05 (c) 
£olz%h. 2^f f ;WT'ii. ftWfiTSW 

mt&tiib, ^commmmmitmmAT^tihXoiz 

-mmz±Z < ®£"t h £ k tc=5r& . 1 »:*7-VU 

xii. m*jimft<omtm£$:m&Lx^%\ l ^#>. m 
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[0030] m%<ommz£ -oxmmmz^^x-t 
zimmtm5 (d) iz^tuxotz^. 

ttm®mv>M£z iEmizim?z x v vat v ^#>im b t- 
tjkztih i o tzMtitf&Tomtmmzz <mn.<mwi,z 

a ><?y£it k »£*cr)*H51 *) ^WMifi'^hfi^ •> Z k 
iz X h K 5 A ijf^ -<7>«T£ t A: 
[003 1] i<xfc«L-C, 2&*f^-C-fctfWfflST£ 

^mmi^i.z^i>^xm^^wm^Aii&T^-t 
zzttfxz. &m&zim-mzmft-t2>zbtfxz 

& . Lfc#->T, m&lzit«.xx.$ v is a >"#fa± U 

[0032] #«!m^cojt^ <Jb3*LfcJ: o lZ2&tt 
(k) kKv (k) ^teSftSMP^tttt 

vmzwfcthz t izx oT;«m*t)Tiiwi 

^x^ftttfcfr^.rfcrfftiftU^ tfc. tetanic 
1&te2n&m4co&#ZAli-f&£olzLXi>£\,\ 
[ 0 0 3 3 ] «Htt«-tiOfc<0*iB»«ajL«r< 
kt>, MW&MkZy <-W>y?1-&Zklz£iX. tt 

mm^^m* kcm<r» ux-?t mmtz&Btz x -? 
arc**. 

[Hi ] 



[0034] #WDITJBv** i fc <DT'# *«*MP»q£f 

mtizMf&Kt'z ^izMttmLxitX^L. fmwz 

[0035] 

imi<mm] v±mwu.z£oiz*mttz£tn$, n 
fmrnnsmntzm** Lxomiz&tt&imtz^x 

Pimh*?mtz>c\ktfx*%h<nx, %miz&j§--r&m 

[02] (fefew^m^ift^-f^ ( i^f;M *sww- 

[03 ] ^jswcffl^taswiw*^ ( 2^f» 
[04] Mfm&zwm-&mxbh. 

[ 0 5 ] l ifc^xA-i: 2 &*t/Kc J: &®W1&&Zim 

Lxwmt&®T*>&. 

1-AMM. 3 4-T?-fe/W 

*y>K 5-»^>-^. 6-iyyyECU % 14- 
2 1-©M;tf-K 2 7--f^x?^. 

[04] 
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F^-A(##) 3G301 HA01 JA12 LB02 MA11 NC02 
NDOl ND21 ND45 PAOIZ 
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